A generally acceptable explanation of the mechanism responsible for the formation of ascites and peripheral edema in the patient with hepatic cirrhosis has yet to be formulated. Reduction in serum oncotic pressure, portal hypertension, and distortion of sodium metabolism have each had their champions and their detractors. A prominent current controversy concerns the role of antidiuretic hormone in the pathogenesis of this fluid retention.
It has been demonstrated that hepatic tissue is capable of inactivating antidiuretic hormone both in vitro and in vivo (1, 2) . The available evidence suggests that this is accomplished by the activity of an enzyme system whose maximal effectiveness is limited to a narrow range of temperature and pH (1) (2) (3) . The presence of an antidiuretic material in the urine and serum of patients with fluid retention and cirrhosis (4-6) has suggested to several workers that an impairment of the hepatic inactivation of antidiuretic hormone may play an important role in producing the accumulation of ascites and peripheral edema in this disease. The frequent observation of oliguria and the reported delay in onset of diuresis following a water load (7) (8) (9) in such patients has been interpreted as additional evidence to support this point of view.
Recently, all of these observations have been challenged. When the dog, rather than the rat was used for assay, Van Dyke, Ames, and Plough (10) were unable to confirm the presence of significant antidiuretic activity in the urine of cirrhotic patients. Other workers (11, 12) have been unable to demonstrate any delay in diuresis following a water load, any increased sensitivity to, or prolonged effectiveness of, physiologic amounts of Pitressin in the subject with cirrhosis who is actively retaining fluid.
In view of these discrepancies it seemed appropriate to investigate directly the capacity of cirrhotic human liver to inactivate antidiuretic hormone. Before this could be determined it was necessary to learn whether the in vitro hepatic inactivation of Pitressin could be demonstrated when the dog, rather than the rat, was used for assay, and whether normal human liver was comparable to rat liver in this regard. The results of studies designed to provide answers to these questions comprise the body of this report.
METHODS AND MATERIALS
Two trained unanesthetized dogs, loaded with 40 to 50 cc. warm tap water per kilogram body weight 90 and 30 minutes prior to an experimental procedure, were used for assay of antidiuretic activity throughout this study. A positive water balance of at least 500 cc. was maintained by further intubation and administration of water as required. Urine was collected by indwelling catheter for five-minute periods with an air wash at the conclusion of each period to insure complete collection. Test substances were administered intravenously through an indwelling needle whose patency was maintained by a slow infusion of 5 per cent invert sugar in water.
Liver used in preparing a cell-free homogenate was of three types: rat liver, normal, and cirrhotic human liver. Rat liver was obtained from adult Sprague-Dawley rats immediately after sudden traumatic death. Normal human liver was obtained at abdominal laparotomy performed for some extra-hepatic disease. Cirrhotic human liver 3 Antidiuretic activity was calculated from urine volume during the second collection period after administration of a test substance expressed as per cent of the control rate of flow. By this method activity of unknown material was compared with the activity of known amounts of Pitressin. Duration of antidiuresis was not considered since at the low levels of activity studied, this method compared favorably with more complicated calculations employing different parameters.
RESULTS
The response of an assay animal to graded doses of commercial Pitressin is indicated in Figure 1 . Preliminary incubation of Pitressin did not alter this pattern. In a series of experiments the mean reduction in urine flow following one and two milliunit doses of Pitressin is shown in Table I . The apparent difference in sensitivity between the two animals is an artefact which results from recording dosage as total amount administered rather than milliunits per kilogram.
The data accumulated in the study of rat liver are summarized in Table II Table III . In ten studies on five specimens of normal tissue the range of inactivation was again 0.9 to 1.0 mU per mg. Since 0.9 mU per mg., was the largest amount (13, 14) .
With these discrepancies in mind it is not unreasonable to question the adequacy of the assay method used here. In our hands the water loaded dog can be used with precision only for the detection of antidiuretic activity equivalent to, or greater than, 0.5 mU Pitressin. Under these circumstances small differences of Pitressin inactivation by normal and diseased liver might easily be missed. In this study the lowest values of inactivation, 88 mU per 100 mg., were found in cirrhotic liver. The question naturally arises whether this represents a real difference which could be established with certainty only by more sensitive and precise methods. Despite this question, which cannot at the moment be answered, the fact is inescapable that even inactivation of 88 mU per 100 mg., if extrapolated to a whole liver of 1000 grams means inactivation of 880,000 mU at 370 in thirty minutes. This is so far in excess of the physiologic needs of the intact organism that it seems highly unlikely that a difference of this magnitude could have any perceptible effect upon water metabolism in this disease.
At the same time such evidence cannot be assumed to deny an abnormality of the hormonal control of water metabolism under these circum- 3. Under the conditions of this study no significant difference could be detected between the ability of normal and cirrhotic human liver to inactivate Pitressin. 4 . It seems unlikely that impairment in hepatic inactivation of antidiuretic hormone contributes to the accumulation of ascites and peripheral edema in hepatic cirrhosis. APPENDIX CRAN (BGH 228452): A 57-year old white, alcoholic female with an eight month history of anorexia, weakness, and fatigue, six months of abdominal swelling and two months of peripheral edema. Repeated abdominal paracenteses had been necessary during the several months prior to admission. On examination she was poorly nourished and slightly icteric with palmar erythema and sparse axillary and pubic hair. Multiple small spider angiomata were present. The abdomen was markedly enlarged and a fluid was present. No organs were palpable.
The extremities showed marked peripheral edema. Laboratory studies included a red blood count of 3.7 millions with 11.7 Gm. of hemoglobin; urine urobilinogen was positive in dilution of 1-20; serum bilirubin 1.6 milligrams per cent; bromsulfalein retention 64 per cent in 30 minutes. Serum albumin 2.0 Gm. per cent, globulin 3.7 Gm. per cent. Blood urea nitrogen 8 mg. per cent. Hepatic and splenic artery ligation was carried out on December 31, 1952. Microscopic examinations of liver tissue obtained at that time showed a marked portal cirrhosis with complete distortion of normal lobular pattern. There was marked increase in connective tissue which divided the liver into small nodules. There was some evidence of regeneration and there were slight fatty changes. There was also evidence of regressive change in some liver cells. A 48-year old alcoholic male with recurrent episodes of ascites for three years. The abdominal fluid had been sufficient in amount to require paracenteses every two weeks for the year prior to operation. On examination the abdomen was markedly enlarged but the liver was palpable four finger breadths below the costal margin. No peripheral edema was present. Significant laboratory studies included a negative cephalin flocculation and negative thymol turbidity. Serum albumin 3.7 Gm. per cent, globulin 2.4 Gm. per cent, serum bilirubin 1.3 mg. per cent; prothrombin time 21 seconds, bromsulfalein retention 7 per cent in thirty minutes; alkaline phosphatase 4.4 Bodansky units. A porto-caval shunt was accomplished on January 13, 1953. The liver tissue obtained at that time showed a well established cirrhosis with evidence of moderate activity. There was minimal proliferation of bile ducts and the liver parenchyma showed considerable preservation. Some retention of bile within the ducts and canaliculi.
LUST (P.H.): A 55-year old male with no significant symptoms until the sudden onset of severe hematemesis which led to his admission. There was no history of peripheral edema or ascites. On examination the only remarkable finding was an enlarged liver three finger breadths below the costal margin. The spleen was not palpable and no free abdominal fluid could be demonstrated. Significant laboratory studies included a prothrombin time of 17.5 seconds, alkaline phosphatase 5.6 Bodansky units; serum albumin 3.5 Gm. per cent, globulin 2.2 Gm. per cent, serum bilirubin 0.8 mg. per cent, bromsulfalein retention 22 per cent in 30 minutes: cephalin flocculation 1 plus, thymol turbidity 1 plus. A portocaval shunt was accomplished on January 20, 1953 at which time 500 cc. of ascitic fluid was found. Liver tissue obtained at this time showed quite severe irregular distortion of the liver architecture by an active cirrhotic process with a considerable element of fatty metamorphosis still present. Signs of regenerative activity were quite prominent.
